SUPPLEMENTARY METHODS
Image analysis. AFM images were analysed using a home-made Matlab™ script that was developed to identify individual DNA molecules and establish whether or not they contained R-loop objects. The script could also measure the total length of the DNA skeleton, find the position of R-Loop objects on the skeleton and extract various morphological characteristics of objects (area, height, volume, angle) .
Image cleaning and molecule selection. To discriminate between the DNA molecules and the background, we first used oversampling with the spline interpolation method then applied a bitonic filter to the image (1) before combining height and area thresholds to isolate full DNA molecules (short and long fragments) (Fig. S2A) . Molecules touching the image edges were removed from the analysis.
R-loop object selection. R-loop objects of greater height than regular DNA molecules introduced a second peak in the height distribution plot of a typical AFM image (see Fig. S2B ). To unambiguously identify R-loop objects, a series of threshold were applied. First, we used a hysteresis thresholding protocol: the height distribution was first fitted with a single Gaussian function, to obtain h g = m g + 2 s g , where m g and s g are respectively the mean and standard deviation of the Gaussian fit. Every pixel with a height h > h g was then removed from the height distribution and a new Gaussian function was fitted to the new height distribution (mean value m and standard deviation s). A first height threshold h 1 (= m + 3 s ) was applied and only pixels with h > h 1 were selected. This identified the tip of R-loop objects.
To identify the whole object, pixels linked to those objects with a height h > h 2 (h 2 = m+ 2 s) were also considered as part of the object. Then, we only considered the objects whose minimal area was greater than 150 nm 2 . This threshold was determined to stringently discriminate genuine R-loop objects from the height fluctuations observed on DNA molecules that are adsorbed on a flat surface.
We excluded from the analysis the rare DNA molecules that contained more than one R-loop object (~1% of molecules). The type of object ('blob', 'spurs' or 'loop') was assigned manually. By comparing the results of all the AFM experiments that we carried out, we established that we cannot estimate the relative proportion of each type of objects with a better accuracy than 10% (standard deviation). For each selected R-loop object, the topographic information extracted from the image allowed us to measure precisely its height, its area and its volume.
Length, position and angle measurements. Each DNA molecule was skeletonized using morphological tools and its length was determined. Objects present along the molecule were excluded from the skeletonization process and we only measured the length of the free DNA arms (see Fig. S2C ). To determine the position of objects, the distances to the nearest and the furthest DNA ends were measured (see Fig. S2D ). We determined experimentally the conversion factor to translate nm into bp by measuring the skeleton length of the non-transcribed template (peak value at 440 nm for a 1375 bp template; conversion factor of 1 bp = 0,32 nm). Note that we could not orientate the molecules with respect to their 5' end. To determine the angle formed between the DNA strands entering and exiting an object, the DNA skeleton was first fitted with a straight line up to 5 pixel contour length distance (~15nm) emanating from a single point on the edge of the object (maximum height value along the skeleton object). The angle a between the two lines was then measured using Al-Kashi formula: c 2 =a 2 +b 2 +2abcos(a), where a and b are the 2 DNA arm length and c the length of the third triangle side. To obtain the reference angle, the average of 5 angles measured along one molecule skeleton at random positions was considered for each molecule of DNA containing no R-Loop object (not transcribed sample).
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